In this paper, Chi and Chen's computationally efficient fast kurtosis maximization algorithm (FKMA) for blind source separation is applied to blind multiuser detection (BMD) for asynchronous multi-rate (variable processing gain or multi-code) DS/CDMA systems. The proposed blind mul tiuser detection algorithm, referred to as the BMD-FKMA, enjoys the fast convergence rate and computational effi ciency of the FKMA. Furthermore, the BMD-FKMA in conjunction with the blind maximum ratio combining al gorithm proposed by Chi et al. is considered for multi-rate DS/CDMA systems equipped with multiple receive anten nas. Finally, some simulation results are provided to sup port the efficacy of the proposed BMD-FKMA and its per formance as well as complexity improvements over some existing algorithms.
INTRODUCTION
Direct sequence/code division multiple access (DS/CDMA) has been widely used in multiuser communications (e.g. 2G, 3G and ultra wideband systems) . With growing demands for multimedia services in wireless communication systems, there has been a need to provide a platform of multi-rate systems for the transmission of image, video, voice and data such as variable processing gain (VPG) and multi code (MC) DS/CDMA systems which have been adopted for 3G wireless communication systems [1] [2] [3] .
Multiple access interference (MAl) and intersymbol in terference (lSI) are the two major problems encountered in the receiver design of both single-rate and multi-rate DS/CDMA systems [1] [2] [3] [4] . In the presence of MAl and lSI, the nonblind linear minimum mean square error (MMSE) detector requires knowledge of the channel state informa tion which can be estimated through the use of pilot signals or training sequences . However, pilot signal (or training se quence) transmission results in reduced spectral efficiency. Therefore, blind multiuser detection algorithms (BMDA) for multi-rate DS/CDMA systems are preferred, such as the blind minimum variance (MV) receiver proposed by Tsat sanis et al. [1] , Ma and Tugnait's code-constrained inverse filter criteria (CC-IFC) algorithm [2] , and the BMDA pro posed by Chi et al. [3] , called the BMDA-Chi in this paper. This paper applies the computationally efficient fast kurtosis maximization algorithm (FKMA) reported in [4] , which is an iterative algorithm for blind source separation (or independent component analysis) and blind beamform ing, to blind multiuser detection for multi-rate DS/CDMA systems equipped with multiple receive antennas.
SIGNAL MODEL
Consider an asynchronous VPG system [1] [2] [3] with a sin gle receive antenna, a constant chip rate R (Le., the same bandwidth for the all users) and G groups of users. All the Ki users of group i have the same data rate Ri where Ri i= Rj for all i i= j. For notational clarity, let independent variables "n" and "k" denote symbol index and chip index, respectively, in all the discrete-time signals and channels throughout the paper. For ease of later use, some notations are defined as follows:
Pi : (= R/ Ri) spreading factor of users in group i P: (= maxi {Pi}) maximum spreading factor Ni : (= P/Pi) number of "virtual users " (defined by (3) below) associated with each user in group i K: (= 2:7 =1 Ki) total number of users K: (= 2:7 =1 KiNi) total number of virtual users
symbol sequence of user j in group i spreading sequence associated with Uij [n] multi path channel (FIR channel) of order dij :::; mini{P;} associated with Uij[n] [1, 3, 4] .
The received discrete-time signal y[k] in multi-rate form can be obtained through chip rate sampling of the received continuous-time signal as follows [3] :
(2) T=O is the effective signature sequence associated with Uij [n].
The symbol sequence Uij [n] can be decomposed into Ni virtual users' subsequences as follows:
and the associated spreading sequence c;� ) [k] of length P is given by Then y [k] (see (1) ) in multi-rate form can also be converted into a single-rate form as follows: It can be easily shown, by (6) and (11), that hg�m = C g�mgij, where gij is given by (8) and 
(8)
( 10)
(12)
(15)
A discrete-time instantaneous (or memoryless) multiple input multiple-output (MIMO) signal model can be ob tained through a polyphase decomposition as follows: OP+q for all i, j, m, and t, and dij ::; P (rather than dij ::; mini{Pd as in the VPG system) .
PROPOS ED BMDA
The kurtosis of a zero-mean random variable z is known to
The proposed BMDA, referred to as BMD-FKMA, com prises source extraction using FKMA followed by user iden tification under the following three assumptions:
( A I) The unknown H (which is a ( P + q) x (K + 2K) channel matrix for the VPG system, or a ( P + q) x (3K) channel matrix for the Me system) is of full column rank with ( P + q) 2': (K + 2K) for the VPG system or with ( P + q) 
which is also the magnitude of normalized kurtosis of er n].
It is also known [ 5 ] that under the assumption ( AI), the noise-free assumption, and Fact 1, the optimum er n] by maximizing J ( e [n]) (see (19 » is exactly one source signal in urn] except for an unknown scale factor. Therefore, for finite SNR, the iterative FKMA can be applied to obtain one source estimate
where the subscripts i, j , m and the superscript I are un known, and a;��m is an unknown scale factor.
A well-designed initial condition for v is needed so that 
where c i? is given by (10) and r = arg max{J ( vt), t = 0, 1, ... , q -I}. 
where ,8i = Pi for the VPG system and ,8i = P for the MC (I )
• system, and that as h ij, m =I-O P+q, a ij,m approximates to a finite random sequence for (i,j,m,l) =I-(i, j ,m,l), implying A( ag�m) � A( gij ) >> A( aU: m ), V(i,j,m,l) =I-(i,j,m,l). 
Finally, by (20), (3 4 ) and (3), we obtain the symbol se quence estimate of the desired user as follows:
[] U11 n = /In . U n n � a n U11 n (36) where I = (n modulo N1) + 1 and n = (n -l + 1)/N1, and ag) is the unknown scale factor in the estimate Un [n]. Let us summarize the proposed BMD-FKMA as follows:
Proposed BMD-FKMA:
(Sl) As presented in Section 3.1, obtain ui ? [n], I = 1, 2, ... , N1 using the FKMA and the proposed UIA. for the CC-IFC algorithm and BMDA-Chi is P L » ( P + q ) (that in v for the BMD-FKMA) as L � 2 (since q ::; Pi ::; P for the VPG system and q ::; P for the MC system) . Thus, the computational complex ities of the CC-IFC algorithm and BMDA-Chi are significantly higher than that of the BMD-FKMA.
(R5) The proposed BMD-FKMA, which also enjoys the merits of super-exponential convergence rate and guar anteed convergence of the FKMA, is also applicable to both VPG and MC systems as long as the discrete time signal vector y[ n] given (17) is obtained. [ 2] and BMDA-Chi [3] with the length L = 3 for the P x 1 FIR equalizer v [n] . Assume that the desired user's power is E1
and all the other users have the same signal power E. show some results (output SINR versus low rate data length N for input SNR = 10 dB) for NFR = 0 dB and NFR = 10 dB, respectively. One can observe, from Figs. 2(a) and 2(b) , that the performance of the proposed BMD-FKMA is slightly superior to that of the BMDA-Chi and the blind CC-IFC algorithm and much better than that of the blind MV receiver with larger performance difference for smaller N. The same conclusion applies to Figs. 2(c) and 2(d) (the MC system) except that the BMDA-Chi, again, performs much better than the MV receiver, but much worse than the other three algorithms for NFR = 10 dB. Figure 3 shows the output SINR versus input SNR for NFR = 0 dB and NFR = 10 dB, associated with the BMDA-Chi (dashed line) and the proposed BMD-FKMA (solid line) using multiple receive antennas. One can see, from Fig. 3 , that approximately a 3 dB and a 6 dB per formance gain (antenna gain) are obtained by the BMD FKMA with 2 antennas (.6) and 4 antennas (D), respec tively, for both the VPG system and the MC system. This observation also applies to BMDA-Chi except the case of NFR = 10 dB for the MC system ( Fig. 3(d) ). For this case, the proposed BMD-FKMA significantly outperforms the BMDA-Chi, although the former slightly outperforms the latter for the other cases (Figs. 3(a)-3(c) ).
CONCLUS ION
We have presented a BMDA, BMD-FKMA, using FKMA reported in [ 4 ] for asynchronous multi-rate (VPG or MC) DS/CDMA systems equipped with a single or multiple an tennas, which also shares the fast convergence rate and com putational efficiency of the FKMA (see (R5)). Some simu lation results demonstrate that the proposed BMD-FKMA 
